Reactions of the -diketiminato n-butyl magnesium complex, [HC{(Me) CN(2, 
Introduction
While recent interest in the dearomatisation and hydrogenation of aromatic nitrogen heterocycles (pyridines, quinolines) has been driven by the prevalence of these functions in many natural products and pharmaceuticals, 1 a number of reductive and group 1 and group 13-based dearomatisation strategies have been known for some time. 2 Lansbury's reagent, [Li{Al(1, 4 ], for example, is generated by reaction of LiAlH 4 and pyridine and has been known to effect the selective reduction of ketones in the presence of carboxylic and ester groups for some fifty years. 3 Applications of these types of reagents in further syntheses where the reduced N-heterocyclic core is retained are, however, relatively limited. More attractive, therefore, is the development of milder, more conveniently employed and, ideally, catalytic reagents suitable for the conversion of a wide range of N-heterocyclic substrates to isolable dearomatised derivatives which are then available for use as synthons in subsequent multi-step syntheses. Although precedented by several heterogeneous processes, 4 the initial report of homogeneous pyridine hydrosilylation was only described in 1998. In this case a [Cp 2 TiMe 2 ]/PhMeSiH 2 system was reported -3 -to effect the transformation of a variety of 3-and 4-substituted and 3, 5-disubstituted pyridines to the N-silylated 1,2-and 1,4-dihydropyridines or, dependent upon substitution patterns, the corresponding tetrahydropyridine products. 5 This process was reasoned to proceed via a Ti-H pyridine coordination/insertion and silane metathesis mechanism (Scheme 1) and an inability to dearomatise pyridines with 2-or 6-substitution patterns was attributed to the substrate steric demands. Although similar limitations have been observed in very recent work described by Nikonov and coworkers, in this case the catalytic ability of the cationic ruthenium complex
[Cp( i Pr 3 P)Ru(NCCH 3 )]PF 6 to effect hydrosilylation of 3-and 5-substituted pyridines to the dihydropyridines was not compromised by the concomitant reduction of these products to tetrahydropyridines. 6 In further related work Crabtree and co-workers have developed a reduction of quinolines by silanes in the presence of rhodium or iridium catalysts 7 and a very recent report has described an extension of this chemistry to effect a palladium-catalysed silaboration of a variety of pyridines.
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Scheme 1: Proposed mechanism for the titanocene-catalysed hydrosilylation of pyridine. 5 Our own interest in this area derives from our attempts to develop a catalytic and stoichiometric reaction chemistry for the abundant and environmentally benign group 2 elements heavier than beryllium that takes them beyond their traditional applications -4 -as, for example, Grignard reagents or Hauser bases. 9 Much of this initial work has explored the reactivity of the redox-inactive divalent cations of these elements by analogy with chemical behaviour previously observed for similarly d 0 complexes of early transition elements or lanthanides in their highest and trivalent oxidation states respectively. In this regard, Diaconescu and co-workers have recently shown that both N-heterocycle dearomatisation and C-H activation may be combined into an elegant group 3-centred scheme which results in C-C coupling reactivity between the two relevant heterocycles (Scheme 2). 10 In earlier work Kiplinger and co-workers had also
shown that dearomatisation of terpyridines may be readily induced through reaction with lanthanide alkyls.
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Although a somewhat 'lanthanide mimetic' reactivity has emerged from our studies of the group 2-catalysed hydroelementation of C=E multiple bonds (E = CR 2 , NR, O), and examples of N-heterocycle dearomatisation are well precedented in the chemistry of groups 1 and 13, 2,3 examples of well-defined behaviour comparable to the second reaction step depicted in Scheme 2 are relatively unexplored for group 2-based systems. On the basis of a series of detailed NMR spectroscopic investigations, van der Kerk and Budzelaar deduced that the outcome of the room temperature reaction between MgH 2 and pyridine was exclusively the magnesium bis(1,4-dihydropyridide) isomer, which formed via the intermediacy of short-lived but observable 1,2-dihydropyridide species. 12 In support of these observations we have recently reported that reaction of the well-defined β-diketiminato-supported nbutylmagnesium complex, [HC{(Me)CN(2,6-i Pr 2 C 6 H 3 )} 2 Mg n Bu], I, with pyridine in the presence of PhSiH 3 results in heterocycle dearomatisation by a hydride transfer which occurs with the formation of isolable magnesium compounds containing 1,2-and 1,4-dihydropyridide anions as the respective kinetic and thermodynamic -5 -products. 13 In this contribution we describe extensions of this behaviour to a range of substituted pyridine and quinoline substrates and outline attempts to establish a catalytic variant of this reactivity which is reminiscent of the titanocene-based system illustrated in Scheme 1.
Scheme

2:
Group 3-catalysed pyridine ortho-CH activation and dearomatisation/coupling.
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Results and Discussion
We have previously reported that addition of pyridine to a toluene solution of compound I results in the rapid and clean formation of the n-butylmagnesium pyridine adduct, compound 1 (Scheme 3). 13 A series of NMR scale reactions demonstrated that this process occurs for every monocyclic and fused ring pyridine investigated in this study and no evidence for magnesium n-butyl-induced substrate dearomatisation was observed even under forcing conditions. This observation contrasts markedly with those of Okuda of the reactivity of pyridine with more reactive calcium bis-allyl species and our own observations of the reactivity of heavier group 2 bis(trimethylsilyl)methanides, [M{CH(SiMe 3 ) 2 } 2 (THF) 2 ] (M = Ca, Sr, Ba) with bis(imino)pyrines in which case rapid formation of the respective allylated and alkylated pyridine was observed upon combination of the reagents. 14.15 As the -6 -reactivity with compound I was assessed to be straightforward and unambiguous, only the reaction utilising one equivalent of 2-methylpyridine was repeated on a preparative scale resulting in the isolation of pale yellow crystals of compound 2 which were suitable for an X-ray diffraction analysis. The single crystal X-ray structure of the Mg(2)-containing molecule (there are two unique molecules in the unit cell) of compound 2 is illustrated in Figure 1 while selected bond length and angle data and details of the crystallographic analysis are provided in Tables 1, 2 and 3 respectively. Like compound 1, compound 2 is a four-coordinate pseudo-tetrahedral magnesium complex in which the coordination sphere of the Mg atoms is provided by the bidentate -diketiminate ligand and the n-butyl and 2-methylpyridine ligands. The bond lengths and angles are perturbed only very slightly from those observed in compound 1 and the structure is otherwise unremarkable and will not, therefore, be discussed further here.
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Figure 1: ORTEP representation (25% probability ellipsoids) of the X-ray structure of compound 2. Hydrogen atoms and iso-propyl methyl groups are deleted for clarity.
-7 - Scheme 3: Dearomatisation of pyridine derivatives by 1 and PhSiH 3 .
-8 -
The products of 2-methylpyridine (4), 3-methylpyridine (5) and 3,5-lutidine, (7) dearomatisation under these conditions were identified as the respective 1,4-dihydropyridide derivatives by a combination of 1 H (COSY) and 
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Consistent with the experimentally observed transformation into compound 8 the isomer containing the 1,4-dihydropyridide anion was calculated to be marginally lower (1.02 kcal mol -1 ) in total energy than its 1,2-dihydropyridide isomer, while both species were more significantly lower (1,2-isomer, 9.01 kcal mol -1 ; 1,4-isomer 10.02 kcal mol -1 ) than the alternative pyridine-adducted magnesium hydride formulation,
These data reflect our previous DFT examination of the dearomatisation of pyridine and earlier MNDO calculations which assessed the heats of formation, H f , of the various potential isomers of pyridine reduction, albeit with less thermodynamic discrimination between the alternative isomeric forms. 13, 18 While the reaction to produce compound 8 is effectively identical to that employed by Jones and Stasch to synthesise
[HC{( t Bu)CN(2,6-i Pr 2 C 6 H 3 )} 2 Mg(H)(DMAP)], 16 the outcome of the two reactions is quite different. The dearomatisation-based syntheses reported herein generally -10 -required elevated temperatures to occur and, thus, this latter compound may again be assigned as a kinetic reaction product, which may display some enhanced kinetic stability resulting from the increased steric demands of the tert-butyl-substituted -diketiminate ligand employed in the earlier study. Analogous calculations performed upon model complexes containing dearomatised 4-methylpyridine revealed a similar thermodynamic preference of 1.55 kcal mol -1 for the formation of the 1,4-dihydropyridide isomer over the corresponding 1,2-dihydropyridide isomer. We thus tentatively ascribe the formation of compound 6 to occur under overall kinetic rather than thermodynamic control.
The fused ring substrates quinoline and iso-quinoline underwent clean dearomatisation to form compounds 9 and 10. In the case of compound 9 complete conversion to the 1,4-dihydroquinolide product was observed while for the isomeric derivative, compound 10, selective hydride transfer occurred to the 2-carbon centre adjacent to the iso-quinoline nitrogen. In this latter case the reaction is necessarily unambiguous as the 4-position of the heterocyclic ring is blocked by the fused aromatic system (Scheme 4).
Scheme 4:
Dearomatisation of quinoline derivatives by 1 and PhSiH 3 .
Representative crystal structures of the dearomatised pyridine derivatives were acquired after slow crystallisation from toluene at room temperature for the 1,4--11 -dihydropyridide derivative of 3,5-lutidine, compound 7, the 1,2-dihydropyridide derivative of 4-methylpyridine, compound 6, and the iso-quinoline derivative, compound 10. The results of these analyses are presented in Figures 2 -4 , while selected bond length and angle data and details of the X-ray experiments are provided in Tables 1, 2 and 3 respectively. In a manner similar to the previously described 1,2-dihydropyridide complex of pyridine itself, 13 the methylene hydrogen atoms were disordered between the 2-carbon and/or 6-carbon centres (C30 and C34) of the reduced methylpyridine moiety of compound 6. These were, thus, omitted from the refinement because of the inability to determine precisely which of these best represents a CH 2 moiety. ORTEP representation (25% probability ellipsoids) of the X-ray structure of compound 6. Hydrogen atoms and iso-propyl methyl groups are deleted for clarity.
-13 - ORTEP representation (25% probability ellipsoids) of the X-ray structure of compound 11. Hydrogen atoms and iso-propyl methyl groups are deleted for clarity.
Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y,-z+2. in any further metathesis reactivity with the magnesium dihydropyridide species. We believe that this lack of reactivity is due to the low Lewis basicity of the silane in comparison to the pyridine substrates and a consequent inability to engage the Mg-N bond in an appropriate metathesis transition state (inset, Scheme 5).
Scheme 5:
Proposed mechanism for the magnesium-catalysed hydrosilylation of pyridine derivatives.
In summary, we have observed that reactions of in situ generated magnesium hydrides and aromatic pyridine derivatives result in N-heterocycle dearomatistion which generally results in the formation of well-defined 1,4-dihydropyridide derivatives as the thermodynamic reaction products. We are continuing to study the reductive reactivity of these well defined species and to elaborate their reactions with more potent hydride sources in attempts to achieve some level of catalytic pyridine -18 -heterofunctionalisation with this abundant and benign element and its heavier group 2 congeners. This work will be reported in subsequent publications.
Experimental Section
All manipulations were carried out using standard Schlenk line and glovebox techniques under an inert atmosphere of either nitrogen or argon. NMR experiments were conducted in Youngs tap NMR tubes made up and sealed in a Glovebox. NMR data were collected on a Bruker AV300 spectrometer operating at 75.5 MHz ( 13 C).
Solvents (Toluene, THF, hexane) were dried by passage through a commercially available (Innovative Technologies) solvent purification system, under nitrogen and stored in ampoules over molecular sieves. C 6 D 6 and d 8 -toluene were purchased from Goss Scientific Instruments Ltd. and dried over molten potassium before distilling under nitrogen and storing over molecular sieves. Compounds I and 3 were synthesised by literature procedures and all silanes and pyridine substrates were purchased from Sigma-Aldrich. 25 CHN microanalysis was performed by Mr Stephen
Boyer of London Metropolitan University. In NMR assignments Dipp = 2,6-di-isopropylphenyl.
Synthesis of Compound 2
Compound I (0.75 g, 1.51 mmol) was dissolved in toulene (10 mL 9.72 (9.60) ; N 7.10 (7.00).
General procedure for dearomatisation reactions
Compound I (1 mmol, 500 mg) was dissolved in toluene (ca. 63, 143.62, 142.19, 138.57, 135.89, 130.21, 126.43, 126.12, 125.16, 124.01 (NCHCHC(H) 14 (75.26); H 9.09 (8.97); N 12.23 (12.18 ). 155.60, 150.70, 146.67, 146.38, 143.74, 143.62, 142.19, 138.57, 135.89, 130.21, 126.43, 125.14, 124.01 (NCHCHCH 2 ), 122.13, 118.71, 117.67, 94.95 (NC (CH 145.20, 142.49, 136.80, 133.26, 129.67, 128.80, 126.08, 124.86, 124.17, 121.72, 119.64 (NCHCH) 143.62, 142.19, 138.57, 135.89, 130.21, 126.43, 126.12, 125.16, 122.13, 118.71, 117.67, 94.95 ((NC(CH 3 
Compound 4 (dearomatisation of 2-methylpyridine)
Compound 9 (dearomatisation of quinoline)
X-ray Crystallography
Data for 2, 6, 7, 10, 11 and 12 were collected at 150 K on a Nonius Kappa CCD diffractometer equipped with an Oxford Cryosystem low temperature device, using graphite monochromated MoKα radiation (λ= 0.71073 Å). Data were processed using -25 -the Nonius Software. 26 Structure solution, followed by full-matrix least squares refinement was performed using the programme suite X-SEED for compounds for 2, 6, 7, 10 and 11 while WINGX-1.70 27, 28 was used for compound 12. Noteworthy points related to the structure determinations follow.
The asymmetric unit of 2 consisted of 2 molecules. Disorder was modeled as follows: the ligand based on N(3) was modeled over 2 positions in a 50:50 ratio, while that based on N(6) in addition to the butyl group based on C(30) were modeled over 2 sites in a 70:30 split. Disordered aromatic groups were treated as rigid
hexagons in the refinement and only partial atoms with 50% occupancy or above were refined anisotropically. For 6 data were truncated to a Bragg angle of 25 o due to a decline of diffraction intensity beyond this point. This is most likely to be related to the small crystal dimension. The electron density in the reduced methylpyridine moiety based on N(3) was quite smeared, and suggested that this functionality may be disordered. However, ardent efforts to model the same over two sites did not improve convergence. The hydrogens attached to C(30) and C(34) have been omitted from the refinement because of an inability to determine precisely which of these best represents a CH 2 moiety. For 10 the asymmetric unit comprised half of a dimer molecule plus a small region of disordered solvent. Both fragments straddled inversion centres. The solvent bore a resemblance to toluene, but because of the symmetry imposed disorder and its diffuse nature, it could not be modeled in any logical way. Hence PLATON SQUEEZE was employed, and allowance has been made herein for the presence of one molecule of toluene per unit cell based on the results from using this algorithm. (5) 1.401 (4) 1.341 (5) 1.439 (6) 1.426 (6) 1.308 (5) 1.394 (2) 1.386 (2) 1.334 (2) 1.503 (2) 1.504 (2) 1.340 (2) 1.468 (3) 1.356 (3) 1.502 (3) 1.422 (4) 1.431 (4) 1.366 ( (5) 106.00(6) 151.54 (7) e 149.44 (13) -32 - Reaction of N-heterocycles with magnesium hydride species generated by reaction of a magnesium n-butyl precursor with phenyl silane results in heterocycle dearomatisation by a hydride transfer which occurs with the formation of magnesium compounds containing dearomatised dihydropyridide anions.
